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This invention relates to control systems for recording
a program of sequential operations involving time-
motion patterns and other types of automatic cycles, and
playing back the recording to cause the recorded pro-
gram to produce a corresponding sequence of operations.

More particularly, the invention relates to control sys-
tems in which such sequence of operations is recorded
on a magnetic tape as a control alternating voltage of
which the phase relationship with respect to a reference
alternating voltage, also recorded on the tape, varies with
the instant to instant progress of the program which is
being recorded, and it has for an object the provision of
an improved device for recording the program on the
tape.

Still more particularly, this invention relates to systems

for automatically controlling a machine tool to produce @

a piece of work by means of a recording on a magnetic
tape of an alternating reference voltage and one or more
control voltages of variable phase relationship with re-
spect to the reference voltage. A system of this char-
acter is disclosed in Patent 2,537,770—Livingston et al.
In the operation of the Livingston et al. system, a skilled
machine tool operator manually controls the machine
tool to produce a sample piece of work of which dupli-
cates are subsequently to be made by the machine tool
under automatic control of a magnetic tape. Either
prior to or during this initial manual operation of the ma-
chine tool, an alternating reference voltage is obtained
from a source of constant frequency and is recorded on
the tape while it is running at constant speed. For each
controlled element of the machine tool, such, for exam-
ple, as its cross feed and its longitudinal feed, a control
alternating voltage of which the instant to instant phase
relationship with respect to the reference voltage repre-
sents the instant to instant position of such controlled

element is produced by means of a selsyn geared to such &

controlled element and excited from the constant fre-
quency source. This control voltage is also recorded on
the tape while it is running at constant speed.

When the tape is played back to effect automatic con-
trol of the machine tool to duplicate the original sample
work piece made by manual control, the instant to in-
stant phase relationships of the recorded control voltage
and the selsyn voltage with respect to the reference volt-
age are compared by means of an electronic amplifier.
Any difference in these phase relationships at any instant
of time represents an error between the required position
of the controlled element of the machine tool at such
instant and its actual position. The electronic amplifier
responds to any such difference in these phase relation-
ships to produce an error voltage which is utilized to
initiate and control a correction in the position of the con-
trolled element.

Control systems of this general character have also
been proposed in which the control voltages which are
to be recorded on the tape are obtained from a drawing
of the work piece by means of a curve follower and a
selsyn driven thereby. In these systems, the reference
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voltage and the control voltages are also recorded while
the tape is running at constant speed. The contour of
the drawing which is being traced may contain numerous
sharp corners, short radius curves and reversing curves
which require the operator frequently to slow down ihe
curve tracing operation in order to trace the contour
accurately. During the playback operation, the tape is
run at the same constant speed as that at which it was run
during the recording operation. Consequently, such sys-
tems have the disadvantage that playback operation re-
quires the same length of time that was required for the
slow, careful and painstaking recording operation. Thus
the machine tool in producing work pieces under auto-
matic control of the tape duplicates all the slow-downs
which the operator found necessary to introduce into the
recording operation in order to effect accurate tracing
of the contour, and thus during playback the machine
tool is not worked at its maximum speed. Consequently,
a further object of this invention is the provision of an
improved recording device which during the recording
operation correlates the speed of the tape with the speed
of movement of the tracer element of the curve follower
along the contour which is being traced. In other words,
the recording device of this invention varies the speed
of the tape during recording to match the operator’s
slow-downs in the speed of tracing the contour. Thus
when the tape is played back at its normal constant
speed, the controlled machine tool will be operated at its
maximum speed throughout its complete operating cycle.

In carrying this invention into effect in one form there-
of, there is provided a multi-channel recording head hav-
ing a plurality of coils for recording alternating voltages
on a magnetic tape. A capstan is provided for driving the
tape past the recording head. A plotting board is pro-
vided upon which is mounted a scale drawing of a part
to be produced on a machine tool, together with a me-
chanical curve follower which may be either of the
manually operated or motor driven type. Mounted on
the plotting board is a device for resolving the contour
following motion into X coordinate and Y coordinate
components. This device comprises an X coordinate
carriage and a Y coordinate carriage which is mounted
for movement in a direction at right angles to the direc-
tion of movement of the X coordinate carriage.

The tape driving capstan is driven by means of a shaft
which is driven by the curve follower at a speed propor-
tional to its speed along the contour of the part on the
drawing. A device for producing a sine wave alternating
reference voltage is also driven by this shaft and is elec-
trically connected to one of the coils of the recording
head. Sine wave alternating voltage generators each
driven through mechanical differential devices jointly by
the curve follower and one or the other of the X or Y
coordinate carriages and each electrically connected to a
corresponding coil of the recording head cause to be
recorded on the tape sine wave control alternating volt-
ages which at any instant are phase displaced from the
reference voltage by an amount proportional to the
amount of movements of the carriages from their 0—0
starting points.

For a better and more complete understanding of the
invention, reference should now be had to the following
specification and to the accompanying drawing of which
Fig. 1 is a simple diagrammatical sketch in perspective
of an embodiment of the invention; Fig. 2 is a simple elec-
trical schematic diagram of a detail of the invention,
and Fig. 3 is a diagrammatical illustration of a scale en-
largement drawing such as is used on the ploiting board
to be traced by a curve follower. It contains divisions
which facilitate an understanding of a technique which
makes it possible to use a drawing many times larger than
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the plotting board itself, thus to secure a high degree of
accnracy of reproduction, )

Referring now to the drawing, a scale drawing 1 of a
part io be reproduced hy a machine tool such for ex-
ample as a milling machine (not shown) is n_wounted on a
plotting board 2. Either adjacent the plotting b'oard or
formed integrally therewith is a device for resolving con-
touring motion around the outline of the part on the
drawing into X and Y coordinate component moticns.
This device comprises an X axis of coerdinates carriage 3
and a Y axis of coordinates carriage 4. Attached to the
left-hand extremity of the Y coordinate carriage 4 is a
tracer element 5 which has a conformation which is a
scale outline of the cutting tool of the controlled machine
tool. In Fig. 1, the tracing element § is illustrated as
having a scale outline of a cutting tool which in this case
is assumed to have a circular cross section to correspond
to the cross sectional area of a rotary cutting tool such,
for example, as a milling cutter. This tracer element
may be made of any suitable transparent plastic material
such, for example. as cellulose acetate or ethyl acetate in
order that the circular outline may be continued across
the -neck S5z which serves as a means of attachment to
the Y axis carriage.

As shown, the Y axis carriage is mounted for trans-
verse movement on the X axis carriage by means of racks
6 and 7 and pinions 8. 9 and 55. Similarly, the X axis
carriage is mounted on a supporting takle 11 for move-
ment in a direction at right angles to the direction of
movement of the Y axis carriage by means of racks 12 and
13 and pinions 14, 15, 16 and 17.

At the left-hand end of the Y axis carriage, a steering
and propelling friction wheel 18 is mounted in a housing
member 19 which is swivel supported on the carriage.
The friction wheel is driven by a variahle speed motor 20
through suitable gearing and shafting (not shown) which

mechanically connects the rotor of the motor with its axle.

By adjusting the field strength of this tracing head motor,
its spead and consequently the speed of rotation of the
propelling wheel 18 may be adjusted to any desired value.

By reason of its swivel support, the wheel 18 may be
turned about an axis perpendicular to the plane of the
supporting table, i. e. about its vertical diameter. A
shaft 21 is mounted for rotation in a bearing 22 which
is mounted on the Y axis carriage. One end of the shaft
is mechanically connected through suitable gearing (not
shown) to he driven by the tracing head motor 20, and
the other end is connected to the driving pinion 23 of a
hevel gear box 24 which is also mounted on the Y axis
carriage. Meshing with a gear 23 is a gear 25 which
is mounted on a shaft 26 which is disposed at right angles
with respect to shaft 21 and which is monnted for rota-
tion in suitable bearings 27 and 28 on the X axis carriage.
The gear 25 and the shaft 26 are splined to provide for
driving the shaft by the tracing head motor 20 irrespec-
tive of the position of the Y axis carrage on the X axis
carriage.

The splined shaft 26 is provided at one end with a
capstan 29 which constitutes the driving member for a
multi-channel magnetic tape 30. This tape is initially
wound upon a storage or unwinding wheel 31. The un-
winding end of the tape is threaded through a recording
head and is attached to the drum of a take-up reel 32.
The winding up reel is driven by suitable driving means,
such as an electric motor and tension is maintained in
the tape by means of an electric motor coupled to the
unwinding reel and driven thereby as a generator to pro-
vide regenerative braking. The motors for the reels con-
stitute no part of the present invention and consequently,
in the interest of simplicity they are omitted from the
drawing. TIn addition to the capstan, the recording head
comprises a plurality of recording coils 33, 34 and 35
each mounted in a suitable supporting means in inductive
relationship to the tape. Tension is maintained in the
tape by suitable means such as a torque motor (not

10

25

30

40

45

55

60

65

75

shawn) mechanically connected tn the take-up reel and
a braking generator {not shown) mechanically coupled
to the unwinding rec!. This tension means constitutes
no part of the present invention and for this reason it is
omitted from the drawing. The reels 31 and 32 and
the recording head are illustrated as being mounted on
the X axis carriage. However, this is not essential.
These parts could be mounted on a stationary support
in any convenient location and the driving connection
between the shaft 26 and the tape driving capstan com-
pleted by a suitable <lectrical motion transmitting and
recejving system, such, for example, as a sclsyn transmitter
and recciver electricaily connected together,

Also mounted on the X axis carriage is a generator 36
for producing a sine wave alternating reference voltage.
This generator may take several different forms. For
convenience, it is illustrated as a sine wave potentiometer
which is a readily available device that is used in com-
puting mechanisms and other devices. It comprises a
continuous circular wire wound resistor element supported
in a suitable frame, Its electrical connections are illus-
trated in Fig. 2 in which diametrically opposite points of
the resistor element 36a are connected across a source
of direct voltage which is represented by the supply con-
ductors 37 and 38. A pair of brushes 39 and 40 are
mounted upon a rotor member 41 and are disposed to
make contact with the resistor elemént at diametrically
opposite points. Connections from these brushes are
brought out through slip rings 42 and 43. As the rotor
is rotated through 360°, a sine wave alternating voltage
appears at the slip rings of which the frequency is pro-
portional to the speed of rotation of the rotor. This
form of generator makes it possible to generate low fre-
quency sine wave voltages by mechanical rotation of a
shaft.

The rotor of the sine wave voltage potentiometer is
mechanically connected to the capstan shaft 26 by means
of gears 44 and 45 and the slip rings are electrically con-
nected to the coil 33 in the recording head by means of
electrical connections (not shown). Thus, when the
tracer element 5 of the curve follower is moved along the
contour on the drawing, there is recorded on the tape a
reference sine wave alternating voltage having a constant
number of cycles per unit length of the tape. It is pre-
ferred that the frequency of this reference voltage shall be
approximately 400 cycles per second when the tape is
running at a speed of 714 inches per second., or one cycle
per .01875 inch of the tape. Since the rotor of the sine
wave voltage potentiometer and the tape driving capstan
are geared together, the ratio of one cycle of the reference
voltage per .01875” of the tape is maintained irrespec-
tively of how fast or how slowly the tracer element of the
curve follower is moved along the contour on the drawing.
In other words, this sine wave generator will generate a
frequency which is in direct ratio to the operator’s speed
of following the contour on the drawing. Since the fre-
quency of the magnetizing pattern on the tape has a syn-
chronous ratio to tape spzed, change of speed by the oper-
ator in following or stopping, or any other erratic behavior
will have no effect on the frequency of the playback signal.
Thus when the tape is subsequently played back at a con-
stant speed of 714 inches per second, the frequency of the
reference voltage will be 400 cycles per second.

Also mounted on the X axis carriage is a sine wave volt-
age generator 46 which is identical with the generator 36.
Its rotor shaft is mechanically connected to be driven by
the output element of a mechanical differential device 47
having first and second input element shafts 48 and 49.
The input shaft 48 is provided with a gear 50 which
meshes with gear 44 on the capstan shaft. The input
shaft 49 is provided with a pinion gear 50a which meshes
with the pinion 15, and thus adds the component of
motion of the X axis carriage into the motion of the out-
put shaft. The slip rings of the X axis sine wave gen-
erator 46 are connected to the recording head coil 34 by
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means of electrical connections (not shown). If the
input shaft 49 were disconnected from its drive pinion and
locked, motion of the curve follower would cause to be
recorded by coil 34 in the corresponding channel on
the tape a sine wave alternating voltage having the same
fundamental frequency as the reference voltage. How-
ever, since the input shaft 49 is driven by its pinion, the
frequency of the voltage generated by generator 46 is
either increased or decreased with respect to the frequency
of the reference voltage, depending upon the direction of
motion of the X axis carriage. Consequently, there is
recorded on the tape by the coil 34 a sine wave control
voltage of which the instant phase with respect to the ref-
erence voltage varies in proportion to the amount of X
axis component motion of the curve follower.

On the Y axis carriage is mounted a sine wave voltage
generator 51 which is identical with the generators 36 and
46.
put shaft of a mechanical differential device 52 which is
also mounted on the Y axis carriage. A first input ele-
ment shaft 53 is connected through the gear box 23 to be
driven by the capstan shaft, and a second input shaft 54
is provided with a pinion 55 which meshes with the Y axis
rack 7. The slip rings of the generator 51 are electrically
connected by means of electrical connections (not shown)
to the recording head coil 35. Thus when the tracing
head of the curve follower is moved, there is recorded in
a corresponding channel on the tape a control sine wave
voltage of which the instant to instant phase relationship
with respect to the reference voltage varies with the
amount of Y axis component motion of the curve follower.,

Mechanical counters 56 and 57 are connected to the
pinions 50 and 55 on the X axis and Y axis carriages re-
spectively to indicate the integrated amount of motion of
the X and Y carriages from a 0—O0 reference or starting
point. These counters may have gearing ratios such that
one digit in the unit column corresponds to a unit of dis-
placement of its carriage along its axis of an amount such,
for example, as .001 inch. The digits in the remaining
columns of the counters will then represent inches, tenths
and hundredths.

With the foregoing understanding of the elements of
the invention and their organization its operation will
readily be understood from the following detailed descrip-
tion,

The operator places on the plotting board a scale draw-
ing of the object or part which is to be reproduced by the
machine tool. It is not necessary to locate the drawing
accurately in any predetermined position on the board,
However, if the machine tool which is to be controlled is
a lathe, it is desirable to orient the drawing angularly on
the plotting board so that the sides of the square corners
of the scale drawing line up with the respective X and Y
axes of the plotting board since they are indicative of the
X and 'Y axes of the machine tool.

Next the operator references the cutting tool outline of
the tracing element 5 with respect to the outline of the
scale drawing as being indicative of the starting point of
machining the actual work piece. The X and Y axis
counters are set to 0—O0 or any other numbers which are
indicative of a reference point which can be set later on
the actual machine tool. Either at this point in the opera-
tion or earlier in the preparation stage of the scale draw-
ings, predetermined X and Y coordinates of the drawing
may be designated as “check points” to insure that the
critical dimensions of any parts are recorded with greater
precision than that afforded by mere scale enlargement
of the drawing.

Having completed the initial setup of the cutting tocl
outline with respect to the contour of the part on thz
drawing, the operator follows the contour oa the drawing
with the outline of the cutting tool on the tracer element
5. To do this, he variably depresses a foot pedal speed
control associated with the motor 20 to vary the speed cf
following the scale drawing to match his sensing and
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steering ability, and at the same time he steers the friction
wheel 18 marually by grasping the vertical portion 19a of
the housing member 19 and rotating the housing about its
vertical axis as is necessary to maintain the outiine of the
cutting tool on the tracer element 5 in contact with the
contour on the drawing,.

As the tracer element follows the contour of the draw-
ing, the sine wave alternating voltage generator 3§ is
driven by the tracing head motor 20 at a speed which is
proportional to the speed of the tracer element along the
contour of the drawing. Thus there is recorded on the
tape, a sine wave alternating reference voltage having a
frequency of which the number of cycles per unit length
of the tape remains constant at a predetermined value e. g.
01875 irrespective of the speed at which the tracer is
moved along the contour and consequently irrespective of
how fast or slowly the tape is moved during the record-
ing operation.

Simultaneously the X axis and Y axis carriages 3 and 4
resolve the movement of the tracer element along the
contour into X axis and Y axis components. As a result,
the X axis and Y axis generators 46 and 51 generate and
cause to be recorded upon the tape sine wave alternating
control voltages of which the instant to instant phase rela-
tionships with respect to the reference voltage vary with the
amounts of these component movements, Thus the
number of cycles of these control voltages per unit length
of the tape depend upon the amounts of the component
movements along the X and Y axes and are independent
of how fast or how slowly the tracing operation is ac-
complished.

Through the proper selection of gear ratios between
the elements of the system, the operator can program a
complete sequence of machining operations at a rate con-
sistent with his ability to think and execute commands to
the control.  Upon playback, the speed of execution of the
record will be constant at a selected speed which is pref-
erably the maximum speed at which the machine can pro-
duce satisfactory parts. This constant speed need not re-
main at the same value during an entire sequence of opera-
tions. Selection of this constant speed is at the operator’s
discretion by a change in gearing ratio made during the
making of a record.

In the apparatus described, the phase relationships of
the sine wave patterns of magnetization in the x and y
channels of the magnetic tape with respect to the sine
wave pattern of magnetization in the reference channel.
These phase relationships are functions both of the instan-
taneous speed components of the time integrated mo-
tions of the components of motion which are to be exe-
cuted by the machine tool when the tape is played back.
As previously described, when played back a recording
made by this invention requires the machine tool to op-
erate at maximum capability, i. e., at full speed irrespec-
tively of how slowly the recording was made. The
necessary implication of this requirement is that at the
start of the playback program, the controlled machine
tool must be accelerated from rest to full speed in zero
time. Since no physically realizable machine can be ac-
celerated from rest to full speed in zero time, the record-
ing must be made in such a manner that the machine tool
can be programmed from standstill to optimum speed
at an acceleration which is within the capacity of the con-
trol if accurate results are to be obtained and falling out
of step is to be avoided.

This can be accomplished in the following manner.
Rotation of the motor driven tracer head wheel 18 is
proportional to the number of cycles of alternating polarity
magnetization in the reference channel per unit length of
the tape. If wheel 18 is driven but the gimbal 19 is re-
strained from movement so that the wheel 18 is required
to slip on the plotting board, the frequencies of the sine
wave patterns of magnetizations in the x and y channels
be the same as that of the reference channel magnetiza-
tion and consequently their phase relationships will re-
main unchanged. This corresponds to the condition of
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zero speed of both x and y axis motions during playback.
By causing the slippage of the wheel progressively to lessen
as it engages the plotting board, the effect of a smoothly
changing ratio between the cycles of the x and y channels
per unit length of tape and the cycles of the reference
channel per unit length of tape is achieved. Upon play-
back, this is equivalent to a controlled acceleration from
standstill to maximum or optimum speed of the machine
tool. The degree of perfection of the results obtained will,
of course, depend upon the skill of the operator and will
improve with practice.

Once a satisfactory record of such an acceleration. of
a given machine tool has been produced, it may be used
on all subsequent plavback operations of that machine
tool by splicing this segment of the tape ahead of a tape
upon which a recording has been made in the usual man-
rer with zero slippage between the power driven wheel
18 and the plotting board. Alternatively, copies of this
acceleration curve can be made by methods now known
to the art and an individual copy spliced to the beginning
and end of each new tape recording of a program of opera-
tions of such machine tool.

One of the most useful features of this device is the
fact that the plotting board’s physical size need not be in
direct ratio to the scale selected between the drawing and
the size of the finished parts. This is accomplished by
back spacing and sectionalizing the scale drawing.

For example assume a plotting table which has a use-
ful area of 2’ x 4’. Tt may be necessary that the scale
drawing shall be 6’ x 12’ in order to obtain the necessary
degree of accuracy. In this example each dimension of the
drawing is three times the corresponding dimension of the
table. The drawing 1 may be divided into 9 pieces as
illustrated in Fig. 3, and the coordinates of the contour line
where it leaves or enters each of the sections of the draw-
ing are noted. Starting on section 1, the tracer element
rns off the section at the indicated coordinates. The

operator then leaves the settings on the X and Y axis’

revolution counters, disengages the friction wheel 18 from
the table, disengages the rack and pinion drive clutches 58
and 59 and slides the carriage assembly to the opposite
corner of the table. This operation is referred to as
“back-spacing.” During this time no voltages are being
recorded upon the tape.

Section 2 of the scale drawing is then mounted on the
table and the operator after reengaging the rack and pinion
clutches continues tracing the section of the contour on
section 2 from the reference coordinates noted at the end
of section 1 and continues following the lines on the
contour on section 2 until the tracer element again runs off
the paper at the indicated coordinates. This operation is
continued from one section to the other until the contour of
the part on the drawing is traced back to the starting point,
i. e., the 0—-0 reference point.

1t will be observed that this makes possible scale ra-
tins of 100 to 1 or even 1000 to 1 without the disadvan-
tage of extreme size of the plotting table.

Another advantage of this device is that the operator
knows where a particular program of motion begins and
ends on the tape. Stopping the tracing operation around
the scale drawing at a particular setting of the X and Y
axes revolution counters, he can mark the tape under
the recording heads with a pencil notation or coded
punch. This will permit editing and splicing to such a
degree of accuracy that little or no mismatch would oc-
cur during playback.

Although in accordance with the provisions of the
patent statutes, this invention has been explained as em-
bodied in concrete form, and the principle has been ex-
plained together with the best manner in which it is now
contemplated applying that principle, it will be under-
stood that the disclosure of the drawings and spicifica-
tion is merely illustrative and that the invention is not
limited thereto since alterations and modifications will
readily suggest themselves to persons skilled in the art
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without departing from the true spirit of the invention or
from the scope of the annexed claims.

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. In combination a plural channel recording head hav-
ing a plurality of coils for recording alternating voltages
in corresponding channels on a magnetic tape, a tape
driving capstan, a mechanical curve follower having a
member connected to drive said capstan at a speed pro-
portional to the contouring speed of said curve follower,
a first alternating voltage generator driven by said mem-
ber for generating an alternating reference voltage and
electrically connected to one of said recording head coils,
a device for resolving the contouring motion of said curve
follower into components comprising a second member
driven by said curve follower at a speed proportional to
the speed of one component of said motion and a third
member driven by said curve follower at a speed pro-
portional to the speed of a second component disposed
perpendicular to said first component, second and third
alternating voltage generators electrically connected to
corresponding recording coils of said recording head, a
first differential device having two input elements mechan-
ically connected to be driven by said first and second
members respectively and an output element connected
to drive said second generator, and a second differential
device having input elements connected to be driven by
said second and third members and an output element
connected to drive said third generator.

2. In combination, a plural channel recording head
having a plurality of coils for recording alternating volt-
ages in corresponding channels on a magnetic tape, a
mechanical curve follower having a first member driven at
a speed proportional to the contouring speed of said
curve follower, a tape driving capstan driven by said
member, a device for resolving the motion of said curve
follower into components comprising a second member
mounted for longitudinal movement and connected to
be driven by said curve follower at a speed proportional
to the speed of a first component of its contouring mo-
tion and a third member mounted for movement in a
transverse direction with respect to said longitudinal
movement and connected to be driven by said curve fol-
lower at a speed proportional to the speed of a com-
ponent of its contouring motion perpendicularly disposed
with respect to said first component, a first alternating
voltage generator driven by said first member for pro-
ducing a reference alternating voltage having a frequency
proportional to said contouring speed, a first mechani-
cal differential device having two input elements con-
nected respectively to said first and second members
and an output element, a second alternating voltage gen-
erator connected to be driven by said output element for
producing an alternating signal control voltage having
a phase relationship to said reference voitage propor-
tional to the speed of said first component and electri-
cally connected to a second of said recording head coils,
a second mechanical differential device having first and
second input elements connected respectively to said first
and third members and an output element and a third
alternating voltage generator connected to be driven by
said output element of said second differential device for
producing a second alternating signal control voltage
having a phase relationship to said reference voltage pro-
portional to the speed of said second component and
electrically connected to a third of said recording head
coils.

3. In combination, a plural channel recording head
having a plurality of coils for recording alternating volt-
ages in corresponding channels on a magnetic tape, a
tape driving capstan, a mechanical curve follower hav-
ing a propelling motor, a first shaft driven by said motor
and connected to drive said capstan at a speed propor-
tional to the contouring speed of said curve follower, a
first sine wave alternating voltage generator connected
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to be driven by said shaft for generating and supplying
an alternating reference voltage to a first of said record-
ing head coils, a device for resolving the contouring mo-
tion of said curve follower into components comprising
a second shaft driven by said curve follower at a speed
proportional to the speed of one component of said con-
fouring motion and a third shaft driven by said curve
follower at a speed proportional to the speed of a second
component disposed perpendicular to said first compo-
nent, second and third sine wave alternating voltage gen-
crators clectrically connected to corresponding recording
coils of said recording head, a first mechanical differen.
tial device having an input shaft mechanically connected
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to said first shaft, a second input shaft mechanically
connected to said second shaft and an output shaft me-
chanically connected to drive said record sine wave gen-
erator, and a second mechanical differential device hav-
ing an input shaft connected to be driven by said first
shaft, a second input connected to be driven by said
third shaft and an output shaft connected to drive said
third generator.
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